Observation of a Dissipative Vortex and Anomalous Viscosity in an ECR Plasma by K. "Nagaoka et al.
§2. Observation of a Dissipative Vortex and 
Anomalous Viscosity in an ECR Plasma 
Nagaoka, K., Yoshimura, S., Tanaka, M.Y., 
Okamoto, A., Hara, K., Nakano, H. (Nagoya Univ.) 
We have investigated large-scale structure formation in 
rotating plasmas and observed a plasma hole structure in the 
Hyper-I device. In this report, it is shown that the plasma hole 
structure is identified as a Burgers vortex, which is a dissipative 
structure in viscous fluid. This is the first observation of 
Burgers vortex in plasmas. 
In order to understand the mechanism of plasma 
hole, two dimensional velocity field was measured by a 
directional Langmuir probe [1] (Fig. 1), and it is found 
to form a monopole-vortex structure with some 
interesting features; (i) plasma rotates azimuthally at 
a velocity of order of ion sound speed, (n) plasma flows 
radially inward, and so on. 
The vorticity, which characterizes vortex structure, 
was estimated by 
(1) 
where the integration path is taken along the minimum square 
passing through the neighbouring four velocity vectors, and S 
the area bounded by the integration path. The vorticity as a 
function of radius r is shown in Fig. 2, and the experimental 
data (closed circles) well agree with a Gaussian profile (solid 
line); 
(2) 
On the other hand, the radial flow has linear profile with 
respect to radius r (Fig. 3). The radial flow are fitted by 
(3) 
where r, I and a are fitted as follows; r=7.7xI07cm2/s, 
1=3.0cm and a =4.4xI05s-1• A set of eqs. (2) and (3) is a 
stationary solution of vorticity equation for viscous fluids and is 
well known as a Burgers vortex, of which stationary nature is 
originated by the balance between vorticity concentration due 
to inward convection and vorticity diffusion due to viscosity. 
The azimuthal velocity also agrees with that of Burgers vortex, 
thus, from the point of vortex structure, the plasma hole is 
identified as a Burgers vortex [2]. 
Since the scale length of vortex is determined by the balance 
between inward flow and diffusion, the effective viscosity is 
related to I and a, and can be estimated: l.I =2x106cm2/s, 
which is fourth orders of magnitude higher than classical value 
and still one order of magnitude higher than those observed in 
magnetically confinement plasmas. From these results, it is 
found that plasma is much more sticky than expected and 
dissipation may play an important role on structure formation 
in plasmas. 
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Fig. 1. Two-dimensional velocity field of plasma flow. 
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Fig. 2. Vorticity as a function ofr. 
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Fig. 3. Radial flow profile. 
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